Heterogeneity of tight junctions in the thick ascending limb.
Renal tubular transport mechanisms are optimized to be energy efficient and tailored to local gradients and transport rates. The combined transcellular action of ion channels, transporters, and pumps, together with the paracellular pathway, enables kidney function. Monogenetic diseases and mouse models indicate that both trans- and paracellular proteins can become disease-causing candidates and may be targets for future therapeutic approaches. Recent advances in tight junction research have provided new insights into their structure, function, and regulation. The thick ascending limb (TAL) is a nephron segment with specific requirements for the paracellular pathway. It has to fuel the generation of the corticomedullary concentration gradient, to be watertight, and to provide a highly selective permeability for Na+ and divalent cations. Tight junction composition and function in the TAL is organized along the corticomedullary axis. Even on the level of a seemingly homogeneous tubular epithelium like the TAL, there is a separation of tight junction protein expression in the strands between the respective tricellular nexus of the junctional network. Here, we highlight some new insights from our recent work and that of others in this context. In addition, we provide some perspectives for the further study of paracellular transport mechanisms.